Peripheral nerve injury is known to activate the hypoxia-inducible factor-1α (HIF-1α) pathway as one of pro-regenerative transcriptional programs, which could stimulate multiple injury-induced gene expression and contribute to axon regeneration and functional recovery. However, the role of HIF-1α in peripheral nerve regeneration remains to be fully elucidated. In this study, rats were divided into three groups and treated with sham surgery, surgery with cobalt chloride (CoCl 2 ) and surgery with saline, respectively. Sciatic functional index, morphologic evaluations of muscle fibers, and never conduction velocity were performed to measure the functional recovery at 12 weeks postoperatively. In addition, the effects of CoCl 2 on the expression of HIF-1α, glial cell line-derived neurotrophic factor (GDNF), brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF) were determined at mRNA levels; as well as HIF-1α, the dual leucine zipper kinase (DLK), the c-Jun N-terminal kinase (JNK), phosphorylated JNK (p-JNK), BDNF and NGF were measured at protein level at 4 weeks postoperatively. Systemic administration of CoCl 2 (15 mg/kg/day intraperitoneally) significantly promoted functional recovery of rats with sciatic nerve transection injury. This study demonstrated in rats treated with CoCl 2 , the expression of HIF-1α, GDNF, BDNF and NGF was significantly increased at mRNA level, while HIF-1α, DLK, p-JNK, BDNF and NGF was significantly increased at protein level.
Introduction
Peripheral nerve injury (PNI) is one of the most common reasons for permanent disabilities in clinical practice [1] . Although peripheral nerve system neuron could active pro-regenerative transcriptional program and enable axon regeneration compared with central nerve system, complete recovery is only occasionally achieved after a nerve injury and, in many cases, the clinical functional recovery is rather unsatisfactory after transection injury due to many activated complicated pathophysiologic process and the unclear activation mechanisms of pro-regenerative state after PNI [2, 3] . In order to answer the question how to activate a pro-regenerative program, many transcriptional profile studies focused on screening the potential regeneration-associated genes (RAGs) [4] [5] [6] [7] . Hypoxia-Inducible Factor (HIF) was identified through comparison between four lists of transcription factors in regenerating dorsal root ganglia.
HIF pathway is the central pathway for sensing and responding to alterations in oxygen levels in nearly all extant metazoan species analyzed [8, 9] . HIF-1 consisted of HIF-1α and HIF-1β subunits, which plays an essential role in the cellular response to hypoxia [10] . Considering that HIF-1β is present in excess, HIF-1α protein levels determine HIF-1 transcriptional activity [9] . Recently, it has been reported that HIF-1α plays a critical transcriptional regulator in peripheral nerve regeneration, which suggests hypoxia as a tool to promote axon regeneration [11] and injured nerve functional recovery [12, 13] . Meanwhile, it has been also reported
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International Publisher that HIF-1α may be related with tumor development and neuralgic formation [14] . A more thorough understanding of hypoxia in nerve regeneration will lead to the elucidation of activation mechanisms of pro-regeneration program that may helpful in the development of protective therapies.
Cobalt chloride (CoCl2), known as a mimicking agent of hypoxia, was shown to alter several systemic mechanisms related to hypoxia [15] [16] [17] [18] [19] and up-regulate HIF-1α [20, 21] . Chemically, CoCl 2 reacts with oxygen decreasing its dissolution and oxygenation of aqueous solutions, being a way of inducing unavailability of oxygen [22] . Besides, cobalt could not only increase the stabilization of HIF-1α and downstream target genes by inhibiting prolyl hydroxylase enzymes, thus preventing its degradation [23] , but also, as a chelator, could replace of Fe 2+ in hemoglobin, which impairs cell's reception of oxygen [21] . In previous studies, CoCl 2 was used to establish different hypoxia models both in vivo [24] and in cell culture [16, 21] . An improved understanding of the changes in functional recovery process and gene expression induced by CoCl 2 during sciatic nerve transection injury regeneration in animals might help advancement in transforming CoCl 2 as an efficacious therapeutic regimen in human and helping improve rehabilitation after PNI.
In the present study, it was hypothesized that sciatic nerve transection injury (SNT) treated with CoCl 2 may exhibit better functional recovery. To determine whether systemic application of CoCl 2 improve the injured peripheral nerve regeneration in a rat model, the effects of CoCl 2 were evaluated on sciatic functional index (SFI), muscular mass and morphology, neuroelectrophysiological parameters at 12 weeks after nerve injury.
Materials and Methods

Animal care
Experiments were performed using 45 specific pathogen-free female Sprague-Dawley rats with a body weight of 200-250 g at the age of eight-weeks, which were obtained from the Laboratory Animal Center of Capital Medical University (Beijing, China). The rats were maintained under humidity (50-60%) and temperature (23-25 °C) controlled conditions with a 12-hours light/dark cycle at the Central Animal Facility, Capital Medical University (Beijing, China). Experimental procedures were reviewed and approved by the Ethics Committee of Xuan Wu Hospital, Capital Medical University.
Animal experiments
All animals were allowed 1-week acclimatization to local conditions and had free access to untreated tap water and standard rat chow. Then the rats were randomly divided into three experimental groups for the subsequent interventions: i) Sham group was treated with a surgical procedure only to expose sciatic nerve; ii) Model group was treated with intraperitoneal injection of CoCl2 (15 mg/kg/day) for 14 days, as described previously [8] , and began 2 hours after sciatic nerve transection injury and iii) Control group was treated with intraperitoneal injection of saline (15 mg/kg/day) for 14 days and began 2 hours after sciatic nerve transection injury (Fig. 1B) .
All surgical procedures of sciatic nerve axotomy were performed under a microscope. The rats were anaesthetized through intraperitoneal injection of sodium pentobarbital (30 mg/kg). Following complete anesthesia, skin preparation and disinfection were carried out in the right hind limb. The right sciatic nerve and its two main branches (common peroneal nerve and tibial nerve) were fully exposed. The sciatic nerve was severed at 5 mm upon the bifurcation site. Then the severed sciatic nerve was repaired through anastomosis of two stumps with 10-0 nylon suture, and the incision was subsequently closed with 4-0 suture (Fig. 1A) . The rats were sacrificed by cervical dislocation under anesthesia at 4 weeks after surgery and sciatic nerves were harvested for reverse transcriptionquantitative polymerase chain reaction (RT-qPCR), western blot, the enzyme-linked immunosorbent assay (ELISA) to evaluate the changes of HIF-1α and its downstream target genes [8, 11] . SFI, neuroelectrophysiological examinations and H&E staining were performed at 12 weeks after surgery, according to previous studies [2, 25, 26] .
SFI analysis
To assess lower limb function, the SFI was measured as previously described [26, 27] . At 12 weeks after SNT, rats were allowed conditioning trials in a confined walking track (10 × 60 cm) darkened at one end. White papers were placed on the bottom of the track. The hindpaws were dippep in black ink and footprints were appeared immediately on the papers when the rats walked down the track. The following parameters were recorded: print length (distance from heel to toe, PL), toe spread (distance from first to fifth toe, TS), and intermediary toe spread (distance from second to fourth toe, IT). PL, TS, and IT were collected on both the left normal (N) and the right experimental (E) hind legs. SFI = -38.3 × (EPL -NPL) + 109.5 × (ETS -NTS) / NTS + 13.3 × (EIT -NIT) / NIT -8.8
The SFI was calculated according to Bain-Mackinnon-Hunter formula and scores varied from 0 to -100 ( Fig. 2A) .
Neuroelectrophysiological examination
The Nerve conduction velocity (NCV) of sciatic nerve was measured through Medlec Synergy Electrophysiological System (Oxford Instrument Inc., Oxford, UK). The repaired sciatic nerve was exposed at 12 weeks after the surgery. For electrical stimulation and recording, two monopolar 12 mm length and 0.35 mm diameter teflon needle electrodes were used. The tips of the stimulus electrodes were curved beforehand for better fit and to prevent injuries. A monopolar electrode was used as a reference (neutral) electrode, but it was positioned at the midpoint between the stimulation and the recording electrodes. Single electrical pulses were delivered via stimulation electrode placed in turn at the proximal and distal trunk of the regenerated nerve and electromyography was recorded by inserting the recording electrode into the belly of gastrocnemius muscle. Paraffin oil was applied around the nerve trunk to reduce bypass conduction through the liquid. The stimulation signal was a square wave, with an intensity of 0.9 mA, a wave width of 0.1 ms and a frequency of 1 Hz. If impedance exceeded five Ω, the electrodes were relocated or replaced. The latency of electromyography was obtained. Also, the difference in latency of electromyography was measured, and the distance between the proximal and distal sites of simulation was recorded to calculate the conduction velocity across the regenerated nerve (Fig. 3A) . The stimulation intensity was gradually strengthened until the amplitude of the compound muscle action potential (CMAP) wave ceased to progressively increase and a generally identical shape for the CMAP wave was formed from the stimulation at both the distal and proximal stumps. The amplitude of the proximal CMAP was recorded, which was the distance from the initiation point to the negative peak (upward) of the wave (Fig. 3A ) [28] . The stimulating electrodes were placed in two proximal point and the distance between two points was recorded (dl). The recording electrode was place in the gastrocnemius muscle. After stimulating two points respectively, the conduction latent time and electromyography were recorded (t1 & t2). NCV was calculated as the equation. The amplitude was the distance from the initiation point to the negative peak (upward) of the wave. (B) NCV in sham group (sham surgery + saline) and model group (SNT + CoCl2) were higher than that in control group (SNT + saline) with significant difference. (C) The compound muscle action potential indicated that the wave amplitudes in sham group, model group and control group were not statistically significant difference (p = 0.1002). NCV: nerve conduction velocity. * p < 0.05. ** p < 0.01.
Wet muscle weight and histomorphometric evaluation
The gastrocnemius was known as an important muscle innervated by the sciatic nerve [2, 26, 29] . The whole gastrocnemius was isolated by severing it at its starting and ending points. The wet muscle weight of bilateral gastrocnemius and wet weight ratios of the experimental side to the normal side was measured using an electronic balance immediately after sacrificing of animals at 12 weeks postoperatively [29] . Transverse sectioning of the muscle samples was performed with hematoxylin and eosin (H&E) staining after fixing with paraformaldehyde, dehydrating with graded ethanol and embedding in paraffin wax. Ten out of 100 cross-sections per muscle were photographed at 10 × 5 magnification (necessary to comprise the entire diameter of the muscle). Five fields per cross-section were obtained under a magnification of 10 × 40 in the upper left, lower left, upper right, lower right and central field of the selected cross-sections of the muscle fiber for quantification using Image Pro Plus 6.0 (Media Cybernetics Inc., Rockville, MD, USA). The diameter of muscular fiber and cross-sectional area of H&E stained sections (5 μm) of the gastrocnemius were examined and approximately 250 muscle fibers per rat were evaluated [30] . The diameter of muscular fiber was measured as the minimal 'Feret's diameter' which is the minimum distance of parallel tangents at opposing borders of the muscle fiber [31] .
RNA extraction and RT-qPCR
Total RNA was extracted from fresh nerve tissues of each group using the TRIzol reagent according to the manufacturer's instructions (Invitrogen Life Technologies, Carlsbad, CA, USA). RNA quantity and quality were determined by using the NanoDrop 2000 Spectrophotometer (Thermo Fischer Scientific, Waltham, MA, USA). Total RNA was reverse-transcribed using the PureLink RNA mini Kit following the manufacturer's instructions (Thermo Fischer Scientific, Waltham, MA, USA). RT-qPCR was performed to measure mRNA expression levels relative to Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) mRNA expression with the ABI ViiA 7 Real Time PCR System (Thermo Fischer Scientific, Waltham, MA, USA) using Fast SYBR Green Master Mix (Thermo Fischer Scientific, Waltham, MA, USA). The primers used were as following: HIF-1α, 5'-GTCCCAGCTACGAA GTTACAGC-3' (forward) and 5'-CAGTGCAGGAT ACACAAGGTTT-3' (reverse); vascular endothelial growth factor (VEGF), 5'-CTGCCGTCCGATTGAG ACC-3' (forward) and 5'-CCCCTCCTTGTACCACTG TC-3' (reverse); glial cell line-derived neurotrophic factor (GDNF), 5'-TCCAACTGGGGGTCTACGG-3' (forward) and 5'-GCCACGACATCCCATAACTTC AT-3' (reverse); brain-derived neurotrophic factor (BDNF), 5'-TCATACTTCGGTTGCATGAAGG-3' (forward) and 5'-AGACCTCTCGAACCTGCCC-3' (reverse); nerve growth factor (NGF), 5'-CCAGT GAAATTAGGCTCCCTG-3' (forward) and 5'-CCTT GGCAAAACCTTTATTGGG-3' (reverse); and GAPDH, 5'-TGACCTCAACTACATGGTCTACA-3' (forward) and 5'-CTTCCCATTCTCGGCCTTG-3' (reverse). Primers were synthesized by 100 Biotech (Hangzhou, China). The PCR thermal cycling conditions were as follows: 95°C for 15 secs and 60°C for 1 min. All experiments were performed in triplicate and repeated a minimum of three times. The RT-qPCR results were expressed relative to gene expression levels at the threshold cycle (Ct) and were related to the control.
Western blot analysis
Radioimmunoprecipitation assay buffer containing protease inhibitors (Sigma-Aldrich, St. Louis, MO, USA) was used to prepare tissue lysates with 1% SDS. Protein quantification was performed using a BCA Protein Assay Kit (Beyotime, Shanghai, China). Total proteins were resolved on 10% SDS-PAGE and electrotransferred onto Hydrophobic PVDF Transfer Membrane (MilliporeSigma, Temecula, CA, USA). The membranes were blocked in 5% skimmed milk in Tris-buffered saline containing 0.1% Tween 20 (TBST) for 30 min and incubated overnight at 4°C with primary rabbit polyclonal antibodies against HIF-1α (cat. no. AF1009; Affinity), VEGF (cat. no. AF5131; Affinity), DLK-1 (cat. no. AP20860c; Abgent), p-JNK (cat. no. AF3318; Affinity), JNK (cat. no. AF6318; Affinity), and GAPDH (cat. no. A01020; Abbkine). All antibodies were diluted 1:1,000 in Tris-buffered saline. Blots were washed in TBST and labeled with horseradish peroxidase-conjugated secondary antibody (Cell Signaling Technology, Inc., Danvers, MA, USA). Bands and band intensity were detected and calculated using chemiluminescence (Thermo Fisher Scientific, Waltham, MA, USA) and Image Quant LAS4000 (GE Healthcare Life Sciences, Little Chalfont). The Protein expression levels were expressed related to GAPDH levels [32, 33] .
ELISA
The protein levels of BDNF and NGF were evaluated using BDNF ELISA Kit (cat. no. RA20017; Bio-Swamp) and NGF ELISA Kit (cat. no. RA20135; Bio-Swamp) following the manufacturer's instructions. The absorbance was measured using a plate reader (BioTek Elx800) at 450 nm with an absorbance correction at 540 nm. The concentration was calculated based on the standard curve and expressed in absolute terms (pg/ml).
Statistical analysis
Statistical analyses were performed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA). Values are expressed as the mean ± standard deviation. An independent t-test was adopted for two-group comparison, and one-way analysis of variance (One-way ANOVA) was used for multi-group comparison. Comparison between the groups was made by analyzing data with a post-hoc method Tukey. Enumeration data were analyzed using a chi-square test. Statistical significance was established as p <0.05.
Results
CoCl 2 accelerates functional recovery of injured sciatic nerve during nerve regeneration.
SFI of walking track test, parameters of neuroelectrophysiological examinations, and wet weight and morphology of muscular fiber were performed to evaluate the effects of functional recovery for hypoxia induced by CoCl 2 during peripheral nerve regeneration at week 12 postoperatively.
Walking track analysis of rats that did not have ulcers and toe self-biting showed that the SFI in the sham group was significantly higher compared with the model group (p = 0.0065) and the control group (p = 0.0008). Although the value in the model group was also higher than that in the control group, there is no significant difference between two groups (p = 0.1089) (Fig. 2B) .
Electrophysiological examination was performed with fully anaesthetized rats. The NCVs in the sham group were significantly greater than that in the model and the control group (66.7 ± 7.41 vs 48.6 ± 5.33, p = 0.0402; 66.7 ± 7.41 vs 32.9 ± 7.52, p = 0.0022), While the value of the model group was also higher than that of the control group but without significant difference (p = 0.0684) (Fig. 3B) . The compound muscle action potential indicated that the wave amplitudes were 11.80 ± 2.22 mV, 10.28 ± 2.38 mV and 8.77 ± 2.18 mV in sham group, model group and control group, respectively, but this was not statistically significant difference (p = 0.1002).
There were no significant differences among the wet weights of normal side in three groups at 12 weeks after surgery (2.12 ± 0.21 vs 1.98 ± 0.10 vs 1.80 ± 0.20, p = 0.1658). The wet weights of experimental side in control group were slightly less than those of the other two groups (1.86 ± 0.08 vs 1.29 ± 0.15 vs 0.91 ± 0.25, p = 0.0016). The wet weight ratio of the experimental side to the normal side were 88.7 ± 12.13%, 64.75 ± 4.72% and 53.9 ± 14.02% in sham group, model group and control group, respectively; The wet weight ratio of control group were less than those of the other two groups (p = 0.0214) (Fig. 4D) . H& E staining showed that cross-sectional diameter of sham group was approximately 34.5 ± 3.1 μm, with distinct borders and uniform staining (Fig. 4A) . The muscle fibers of control group displayed atrophy caused by prolonged denervation, with uneven staining (Fig. 4C) . The diameter of muscle fiber in sham group is thicker than the control group with significant difference (p = 0.0131), while diameters in model group had no significant differences with sham and control groups (29.4 ± 1.8 vs 34.5 ± 3.1, p =0.0765; 29.4 ± 1.8 vs 26.6 ± 1.7, p = 0.3566) (Fig. 4E) . Besides, the average cross-section area was 895.2 ± 94.6, 668.5 ± 76.3 and 487.7 ± 65.7 μm 2 in the sham group, model group and control group, respectively (Fig. 4F ). There were significant differences of cross-section area among three groups (p < 0.0001).
The HIF-1 pathway is functional and mediates hypoxia-induced gene expression during nerve regeneration under hypoxia.
Hypoxia is one of the most important pathological changes during nerve injuries. As we know, it is common that nerve injury can increase the metabolic level of the nerve, leading to increased oxygen consumption and local hypoxia during nerve repair. Induction of HIF-1α using CoCl2 to mimic the effects of hypoxia is a reliable method [8, 15] . In the present study, the mRNA levels of HIF-1α were analyzed using RT-qPCR and presented in Fig. 5 . Rats treated with CoCl 2 exhibited a significantly increased HIF-1α expression. In addition, it was observed that the protein levels of HIF-1α were increased at week 4 (Fig. 6) . To further access whether HIF-1α had a direct functional role in this process, the expression of downstream genes was investigated using RT-qPCR, western blot analysis and ELISA test. The results also indicated that CoCl2 significantly increased NGF, BDNF and GDNF on both mRNA level and protein level, as well as DLK, JNK and p-JNK on protein level (Figs. 5 and 6 ). These results suggested that the effect of CoCl 2 on nerve repair may involve in the activation of HIF-1α signaling pathway. The wet weight ratio of the experimental side to the normal side were 88.7 ± 12.13%, 64.75 ± 4.72% and 53.9 ± 14.02% in sham group, model group and control group, respectively; The wet weight ratio of control group were less than those of the other two groups (p = 0.0214). (E) The diameter of muscle fiber in sham group is thicker than the other two groups with significant difference, while diameter in model group was thicker than that in control group but without significant difference. (F) Cross-section areas were 895.2 ± 94.6, 668.5 ± 76.3 and 487.7 ± 65.7 μm2 in the sham group, model group and control group, respectively. There were significant differences of cross-section area among three groups (p < 0.0001). SNT: sciatic nerve transection injury. * p < 0.05. ** p < 0.01. *** p < 0.001. . The data were analyzed by one-way ANOVA followed by a post-hoc method Student-Newman-Keuls (S-N-K). Graphs show indicate mean ± SD. HIF-1α: hypoxia inducible factor 1α; NGF: nerve growth factor; BDNF: brain-derived neurotrophic factor; GDNF: glial cell line-derived neurotrophic factor. ** p < 0.01. *** p < 0.001.
Discussion
Peripheral nerve regeneration is a complex process involving restoring the interrupted neuronal connectivity and resulting in functional recovery [34] . Treatments for nerve transection injury have addressed a variety of scientific disciplines, including reconstructive microsurgery, transplantation, biomaterial science, physical therapy, and genetic pharmacotherapy [35] [36] [37] . Previous studies have demonstrated that hypoxic stress may induce the expression of multiple genes and affect functional recovery of axon regeneration through HIF pathway [11, 13, 14, 38, 39] . Our study indicates that mimicking hypoxia status with CoCl2 improves functional recovery of axon regeneration in sciatic nerve injury model and that HIF-1α contributes to regulate a large ensemble of transcriptional responses following axotomy. Here we demonstrated that the expression of neurotrophic factors including NGF, BDNF and GDNF could be upregulated by HIF-1α, while DLK, JNK and p-JNK could be induced during nerve regeneration. This provides a potential non-invasive but effective strategy for activating the pro-regenerative program and improving regeneration of injured nerve.
In this study, the functional recovery of sciatic nerve transection injury models was measured by morphologic examination of reinnervated muscles and neuroelectrophysiological examination of injured nerves. We found that SFI, NCV, the wave amplitude in model group were better than those in control group, but there was no significant difference. At the same time, these parameters in both model group and control group were significant less than those in sham group. As we know, NCV is a local indicator of nerve regeneration near the injury site and related to the damage of the myelin [27] . And CMAP amplitude represents the number of nerve fibers that respond to the stimulus and are able to deliver impulses to the recorded muscle [37] . Thus, SFI and electrophysiological examinations of injured nerve regeneration in model group remain decreased comparing to the normal side. However, the values of wet muscle weight, wet weight ratio and the cross-section area, except the diameter of muscle fiber, in model group were significantly greater than those values in control group. The difference among muscular parameters might be caused by the influence of the orientation of sectioning angle [31] . Therefore, treatment of rats with CoCl2, a hypoxia mimic, could promote the recovery of SFI, muscular reservation and nerve conduction during the nerve repair (Figs. 2-4) . Although the improvements of electrophysiological and behavior parameters were insignificantly different comparing to injured nerve regeneration without the treatment of CoCl2, the mass and morphology of muscle fibers were maintained, which could provide the potential to gain better recovery in specific experimental condition. These results indicated that CoCl 2 may serve as an important potential tool to stimulate axon regeneration. In this study, we hypothesized that CoCl 2 , a mimic of hypoxia, may have a post-conditioning effect in nerve regeneration. The sciatic nerve injury models were established according to the method of previous study [2] . And administration of CoCl 2 could mimic the effect of hypoxia, which was consistent with several studies with different models [8, 40, 41] . Subsequently, it was proved that the expression of HIF-1α was significantly induced throughout the process at mRNA and protein levels. As we know, injury to the peripheral nerve axon, such as sciatic nerve, will stimulate their intrinsic growth capability [42] . It is well-known that neurotrophin and its receptor exert their significant roles in neurogenesis and neuroprotection. NGF, BDNF and GDNF are the main members that can stimulate the survival, regeneration and function of neurons [43, 44] . As previous researches reported, HIF-1α and NGF are over-expressed synergically involved in the angiogenesis [43, 45] . Nakamura et al reported that NGF-induced VEGF transcription was dependent on the increased production of HIF-1α in neuroblastoma. Lu et al found that NGF and HIF-1α were highly expressed in non-small cell lung cancer tissues as compared with para-cancerous lung tissues. In the present study, the expression of neurotrophins both on mRNA and protein level in the model group were significantly increasing compared to the control group and sham group. Here we show that HIF-1α represents an important transcriptional regulator of post-conditioning effect, with increasing levels of HIF-1α promoting the accelerated expression of neurotrophins stimulated by a prior injury. These results indicated that treatment with CoCl2 may support the expression of neurotrophins during nerve regeneration in vivo. Future studies are needed to elucidate the relationship between neurotrophins and VEGF, as well as the effect of HIF-1α in TrkA signaling.
DLK is a component of conserved MAPK cascade that can activate the JNK families of stress MAP kinases [46] . Previous studies have indicated that the DLK promotes axonal regeneration, degeneration and neuronal cell death after nerve injury, which showed that activating the DLK pathway could be essential for axon regeneration [47] [48] [49] . In rice, DLK promotes axonal regeneration at least in part via activation of JNK and the subsequent phosphorylation [50] . Valakh et al. proved that cytoskeletal disruption activates the DLK/JNK pathway, which promotes axonal regeneration and functions as a key neuronal sensor of cytoskeletal damage [47] . The present study identified that CoCl2 could significantly increase the expression of DLK, JNK and p-JNK. These results indicate that better functional recovery with treatment of CoCl 2 may be related to stimulate axonal skeletal repair by activation of DLK/JNK pathway.
The results of the current study need to be interpreted in light of several limitations. In this study, considering the speed of sciatic nerve regeneration of SD rats [25, 37] , we harvested the nerve and muscle tissue at 12 weeks after surgery to evaluate the functional recovery of nerve regeneration. The observations are in a specific time interval in special animal models, and therefore considering timeliness variation, topographic specificity and species differences during peripheral nerve regeneration, the results should be further confirmed in other models with further observation in long intervals. Further, owing to the differences and variations in nerve position and distribution of regeneration, although the surgery and observation was completed according to standard protocols, the result was inevitably influenced by subjective factors and system bias. Besides, whether function of reinnervated muscle after PNI can be further restored through neuronal compensation induced by HIF pathway, or whether functional recovery will decline with long-term multiple stresses, remains to be tested.
In conclusion, the results of the present study demonstrated that CoCl2 enhances nerve regeneration. It was demonstrated that CoCl 2 induces neurotrophic factors secretion and may active HIF-1α pathway. While our results suggest that hypoxia is a viable target for the treatment of peripheral nerve transection injury. 
